Abstract
Introduction
Elubo is obtained from the conversion of yam tubers into fine flour and the unit operations involved include harvesting, sorting, peeling, slicing, blanching, drying and milling. The resulting product is a white to cream flour, which can be stored for months [1] . The quality of elubo is dependent on the process parameters adopted for its production. Elubo can be processed into a thick consistency food popularly called "Amala" which is prepared by reconstituting (cooking and stirring with boiling water) fermented or unfermented yam flour (elubo) to achieve starch gelatinization [2, 3, 4] . Amala primarily contains carbohydrates and as a result, it does not provide adequate nutrition. Amala prepared from yam flour contribute more than 200 dietary calories per capita daily for more than 150 million people in West Africa and serve as an important source of income [5] .
In Nigeria, yam is the second most important source of carbohydrate after cassava [6] .Nigeria is the highest producer of yam in the World [7] producing about 38 million tonnes per annum [8] which is well over half of the world's yams [9] . It is a seasonal crop that has competing domestic culinary uses and therefore attracts relatively higher prices during off-season period. One way to minimize this higher price during off-season period is the use of under utilized crops in the production of elubo, for the purpose of providing cheap and unrestricted access to this staple food.
Breadfruit (Artocarpus altilis) is a tropical fruit native to Malaysia and countries of the South Pacific and the Caribbean and it is an important food in these areas [10] . Breadfruits are found from sea level to about 1550 m elevation. It has been reported that breadfruit yields in terms of food are superior to other starchy staples such as cassava and yam [11] . The mature fruit is a good source of carbohydrate (84%) with starch constituting more than 60% of the total carbohydrate [12] .The bread fruit pulps are made into various dishes; it can be processed into flour and used in bread and biscuit making [13] . Breadfruit has also been reported to be rich in fat, ash, fibre and protein [14] . Despite the importance of this fruit, its production is faced with several problems including short shelf life and poor yield due to diseases [15] . The fruits are utilized in Nigeria within 5days of harvesting because of their short shelf lives. One way to minimize post-harvest losses and increase the utilization of breadfruit is by processing into flour, which is a more stable intermediate product. Its utilization can be enhanced by converting it to elubo, which is the starting material for processing through reconstitution with hot water to form a paste or dough. In Nigeria, breadfruit is regarded as the poor man's substitute for yam (D. Rotundata or D. Alata), because it can be used in the preparation of several foodsfor which yam was a traditional crop of choice. It also costs less than one third the price of procuring yam [16] .
Extensive research from yam and cassava for "elubo" have been reported by several authors [17 3, 18, 4, 19] . Information is however scanty on the use of breadfruit for "elubo" production. Also, if the existing technology for the production of yam elubo (YE) is to be adapted for breadfruit elubo (BE), it would be necessary to explore the effect of critical processing parameters on the some quality attributes of the elubo and the paste made from its reconstitution.This study therefore investigated the optimum processing conditions required for the production of breadfruit elubo using response surface methodology (RSM), and the sensory acceptability of the breadfruit elubo (BE) paste (Amala)compared to the one made from yam elubo (YE).
Materials and methods

Materials
Freshly harvested matured breadfruits were purchased from a local market in Idiroko, Ogun State, Nigeria. Equipment used include cabinet dryer, laboratory milling machine, mechanical sieve, digital weighing balance, stirrer, knife, bucket and stainless steel perforated tray, stainless steel pot, electric cooker were obtained from the Food processing Laboratory of Department of Food Science and Technology, Federal University of Agriculture, Abeokuta, Nigeria.
Methods
Production of breadfruit flour ("elubo'')
The method described by [4] for the production of yam flour elubo was adopted, with variation in parboiling time, parboiling temperature and steeping time. The fruits were washed in clean water to remove adhering latex and dirt, peeled manually and chopped. The chopped breadfruit was parboiled in water at 30, 50 and 60 ºC for 90, 120 and 150min. The parboiled breadfruit was steeped for 6, 12 and 18hrs. The steeped breadfruit was drained and dried in the cabinet dryer at 60 ºC for 2 days. The dried breadfruit was milled using laboratory milling machine (Fritsch, D-55743, Idar-oberstein-Germany).The milled sample was sieved using 250μm screen and stored in air-tight polyethylene bags.
Preparation of Breadfruit Paste (Amala)
"Amala" was prepared from breadfruit flour using the method described by [20] . Breadfruit paste (Amala) was prepared by adding 200g of breadfruit flour (elubo) to 200 ml of boiling water in a stainless pot. The paste was stirred manually with a wooden spoon over a low flame until a smooth consistency was attained.
Experimental design and process optimization
Box-Behnken design [21] was used for the experiment. The three independent variables used for the process optimisation were parboiling temperature (X1), parboiling time (X2) and steeping time (X3). Design Expert software version 7.00 (Stat Ease Inc., Minneapolis, MN, USA). The three levels established for each of the independent variables based on a series of preliminary experiments were coded as −1, 0, and 1 with their actual values in Table 1 . The design consists of 17 experimental runs to which the dependent variables (Responses) were fitted after the laboratory experiments. The measured responses were the proximate composition (Moisture, ash, protein, fibre and carbohydrate) Experimental data were fitted to a second order polynomial model and regression coefficient the various responses were obtained. The generalized second-order polynomial used in response surface analysis was.
Where Y is the response, β 0 is the intercept, where β 1, β 2 and β 3 are linear, quadratic and interaction coefficients respectively,x 1 , x 2 , x 3 are the various independent variables and € is the error. The statistical significance of the terms in the regression equations was examined by analysis of variance (ANOVA) for each of the responses. The design expert software was used to generate response surfaces models graphs showing the relationship between the independent variable and the responses while holding a variable constant. The parameters were optimized by using the numerical method of RSM based on desirability concept to obtain range of optimised solutions which were used for the verification experiments to determine the validity of the model. 5  45  90  18  6  45  120  6  7  30  120  6  8  45  120  12  9  30  90  12  10  45  150  18  11  45  120  12  12  30  120  18  13  60  12  18  14  45  120  12  15  45  150  6  16  45  120  12  17  60  90  12 Determination of proximate composition of breadfruit elubo Moisture content and crude fibre content of breadfruit elubo were determined by AOAC method. Crude protein was determined by the standard khjeldahl method, AOAC method. Fat content of the samples were measured using Soxhlet extraction method according to AOAC method. Ash content was determined by igniting 5g of sample in a furnace for 4hours at 550 ºC until light grey ash colour and constant weight was achieved by [22] .Carbohydrate content were determined by difference method. The analyses were carried out in triplicates.
Sensory evaluation of breadfruit paste (Amala)
Simple paired comparison was used to compare the difference between amala made from breadfruit elubo (BE) and yam elubo (YE). Thirty untrained panelists were asked to rate the colour, mouldability, taste, aroma, smoothness, elasticity, stickiness and hardness of the respective amala samples
Statistical analysis
Apart from the statistical method used as an integral part of the RSM. Independent ttest was also used to evaluate the result of the sensory analysis conducted on the amala.
Results and discussion
Effect of process variables on moisture content of breadfruit elubo (BE) In Table 3 , the regression coefficients of the quadratic models for the response variable, along with the corresponding p-value are presented. Coefficient values less than 0.05 indicated that the model was significant. In this case, the linear coefficient of parboiling temperature (X 1 ), steeping time (X 3 ) had a significant impact on the moisture content. The quadratic effects of the parboiling temperature, time and steeping time had negative significant (p<0.05) effect on the moisture content. However, the interactive effects of all the process variables except for parboiling temperature and steeping time (X 1 X 3 ) had no significant (p>0.05) impact on the moisture content. Moisture content of breadfruit elubo varied between 9.07 and 12.20%. The moisture content of a food sample reflects the amount of solid matter in the sample. The higher the moisture content, the higher the rate of spoilage. Adebowale et al., [23] stated that moisture content is a measure of the water content and also an indicator of shelf stability. Figure 1 shows the effect of the process variables on the moisture content of breadfruit elubo. From the figure, increase in parboiling temperature (PT) and parboiling time (Pt) brought about an increase in moisture content at constant steeping time (ST). A similar trend was observed when increasing ST and PT using a constant level of Pt. From the results, at a higher ST and Pt, there was an increase in moisture content of the breadfruit elubo. This may be as a result of decrease in porosity which will lead to an increase in moisture content. The higher moisture content observed for breadfruit elubo may be due to the thick slices (50-60 mm) used. Babajide et al., [4] earlier reported that thick slices (30-50 mm) had significant higher moisture content than slices less than 30mm. Increase in moisture content can enhance microbial growth which leads to deterioration in foods. FAO [6] recommended a safe level of 12 to 14% moisture content for flour or powdered food 
Effect of process variable on protein content of breadfruit elubo (BE)
An acceptable second-order polynomial regression equation (2) as a function of parboiling temperature, time and steeping time was generated for the protein content after the removal of non-significant terms as follows: 
where X 1 , X 2 and X 3 represent coded values of parboiling temperature and steeping time, respectively and Y is the response variable (BE protein content). In table 4, the regression coefficients of the quadratic models for the response variable, along with the corresponding p-value were presented. Coefficient values less than 0.05 indicate that the model is significant. In this case, the linear coefficient of parboiling time (X 2 ), steeping time (X 3 ) had a great impact on the protein content. The quadratic effects of the parboiling temperature, time and steeping time had negative significant (p<0.05) effect on the protein content. However, the interactive effects of all the process variables had no significant (p>0.05) impact on the protein content. The protein content of the breadfruit elubo varied between 3.80 and 5.42%, within the experimental conditions. The response surface plots for protein content at different experimental conditions are presented in Figure  2 . From the figures, it can be observed that increasing PT and Pt at constant ST decreases protein content at constant Pt increase in ST and PT results in low protein content. Also, increasing ST and Pt when PT is constant lowers the protein content of the breadfruit elubo.
The effect of parboiling and steeping on the protein content of the breadfruit elubo probably maybe due to the denaturation of protein caused by the effect of heat on the breadfruit slices during parboiling. This is an indication that protein content of breadfruit flour can be influenced by using appropriate set of processing parameters. This shows that protein content will decrease irrespectively of parboiling temperature, parboiling time and steeping time [27] . 
Effect of process variable on ash content of breadfruit elubo (BE)
In table 5, the regression coefficients of the quadratic models for the response variable, along with the corresponding p-value were presented. Coefficient values less than 0.05 indicate that the model is significant. The quadratic, interactive and the linear effect has no significant effect on the ash content. The values of ash content for breadfruit elubo varied between 2.00 and 2.92%. Ash content is a reflection of mineral status, even though contamination can indicate a high concentration in a sample. The ash content of breadfruit elubo (BE) was higher than 2.07% reported for sweet potatoes elubo by Fetuga et al., [20] and 2.03% reported by Babajide et al., [24] for yam elubo. The high ash content of the flour is indicative of being a good source of minerals. Breadfruit elubo would therefore, be a better source of minerals than sweet potatoes and yam elubo. Figure 3 shows the effect of the process variable on the ash content of breadfruit elubo. From the figure, It was observed that increasing PT and decrease in Pt when ST is constant increases ash content while decreasing ST and increasing PT at constant Pt increases ash content. At a constant PT, increase in ST and Pt decreased the ash content of the breadfruit elubo .This maybe because of the leaching of soluble minerals from the breadfruit [4] 
Effect of process variable on crude fibre content of breadfruit elubo (BE)
The quadratic effect linear effect and the interaction effect of the parboiling temperature, parboiling time and steeping time does not significantly (p>0.05) affects the fibre content of the BE. The fibre content of breadfruit elubo varied between 2.86 to 3.60%. The fibre content of breadfruit elubo was higher than yam elubo (1.65%) reported by Babajide et al., [24] , but lower than 3.2% reported by Fetuga et al., [20] for sweet potato elubo. Fibre is reported to plays a significant role in the prevention of several diseases such as; cardiovascular diseases, diverticulosis, constipation, irritable colon, cancer and diabetes [25, 26] . Figure 4 shows the response surface plots for the crude fibre at different experimental condition. From the figure, it was observed that increasing PT and Pt when steeping time is constant decreases fibre content while increasing ST and PT at constant Pt increases fibre content. At a constant PT, increase in ST and Pt increases the fibre content of the breadfruit elubo. It was shown that parboiling temperature, parboiling time and steeping time does not significantly (p>0.05) affects fibre content of the breadfruit, this was in accordance with Adejumo et al., [27] . 
Effect of process variable on carbohydrate content of breadfruit elubo (BE)
The main effect and the interaction effect of the parboiling temperature, parboiling time and steeping time does not significantly (p>0.05) affects the carbohydrate content of the BE. The carbohydrate content for the breadfruit elubo ranged from 73.67 to 78.33%. High carbohydrate content in food implies the food is a high in calorie. The carbohydrate of the breadfruit elubo in this research is lower than Fetuga et al., [20] , which reported a value of 87.68% for sweet potatoes elubo. The response surface plots for carbohydrate content at different experimental conditions are presented in Figure 5 . It was observed that increasing PT and Pt at constant ST resulted in decrease in carbohydrate content increasing ST and PT at constant Pt decreases carbohydrate content. At a constant PT, increase in ST and Pt decreases the carbohydrate content of the breadfruit elubo. The carbohydrate content of the breadfruit elubo is not significantly (p>0.05) affected by the parboiling temperature, parboiling time and steeping time. The result obtained in this work is similar to the findings of Akissoe et al., [28] , which reported that different cultivars have varied carbohydrate content of yam elubo. 
Comparison of amala made from breadfruit elubo and yam elubo
The mean difference between conditions was 5.00 and the 95% confidence interval for the estimated population is between 0.68 and 6.57. The independent t-test showed that the difference between conditions were significantly different (t-value=2.523, degree of freedom=14, p-value=0.01, one tailed). This implies that the sensory attribute of cooked paste prepared from breadfruit elubo were different from paste of yam flour. This could be due to the familiarity of the panel to traditionally processed yam paste (amala) which is free from odour, stickier, and darker in colour than breadfruit amala.
Conclusion
It can be inferred from this study that breadfruit elubo can be developed into a cooked paste (Amala). Response surface methodology was successfully utilized for optimization of the proximate composition of breadfruit elubo. However, the breadfruit elubo has high fibre and carbohydrate content which implies that breadfruit elubo can serve as high energy food and can be used to improve the health benefit of the consumer.
